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STATIC AERODYNAMIC CHARACTERISTICS AND
CONTROL EFFECTIVENESS OF THE GAC H-33 ORBITER AT
MACH NUMBERS FROM 0.6 TO 4.96

By: R. Krepski, M. Quan, A. Francario,
and K. Blackwell '

SUMMARY

A .003366 scale model of the Grumman H-33 orbiter ﬁas tested in the MSFC
14 inch Trisonic Wind Tunnel. Six-component aerodynsmic force and moment data
was recorded over a Mach number fange of 0.6 to 4.96. Both pitch runs énd yaw
runs at various constant angles of attack were completed.

The basic model configuration was inveétigated. The effects of a component
build-up and of various control deflections were obtained. The elevons were
deflected symmetrically and asymmetrically to determine elevator and aileron ef-
fectiveness. The rﬁdder was tested both flared and unflared and the effccts of
deflections were determined in the flared case.

The model was tested in pitch in two intervals. The first interval wsas
from 0° to 20°. Then an adaptor was set to give the sting an offset angle and
20° to 40° angle of attack was obtained. Characteristics in sideslip were
determined by varying sideslip angle from -40 to 10° with angle of attack set
at 0°, 10°, 15°, and 30°. ’

An énomqlous shift in the rolling moment data for the angle of attack range
of 20° to 40° is observable in the plotted data (dsta figures 5, 6, und 8 of this
report). - This data is prgsented only to show the increments due to nileron and

ruddér deflection.
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SUBSCRIPTS

gt o

SADSAC
SYMBOL

Ccr

Q(NsM)
Q(PsF)

RN/L

ALPHA
BETA

PSI

PHI

BREF

LREF

CREF

XMRP

ZMRP

NOMENCLATURE
General

DEFINITION

)

speed of sound; m/sec, ft/sec
pressure coefficient; (p; - pe)/a
Mech number; V/a

pressure; N/m?, psf

dynenic pressure; 1/2pV°, N/m®, psf

unit Reynolds number; per m, per ft
velocity; m/sec, ft/cec

angle of attack, degrees

angle of sldeslip, degrees

angle of yaw, degrees

angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base srea; m2, £t°
wing span or reference span; m, ft
center of gravity

reference length or wing mean
aerodynamic chord; m, ft

wing ares or reference sres; m2, £t2
moment reference point

moment reference point on X axis
moment reference point on Y exis

moment reference poilnt on Z axis

base

local

static conditions
totasl conditilons
free stresm



NOMENCLATURE (Continued)
Body-Axis System

SADSAC
SYMBOL SYMBOL DEFINITION
Cn CN normel-force coefficlent; EQEEElgfgiﬁi
q
Ca CA sxlal-force coefficient; Eflﬂl§£2£si
q
Cy cY side-force coefficient; Eiﬂsgfezss
q
Cay, CAB base-force coefficient; EEEEEEQEEE
q
~Ap(Pp - Po)/aS
CAf CAF forebody sxial force coefficient, Cp - CAb
Cm CIM pitching-moment coefficient; Ritching moment
aSEgpp
Cn CYN yawing-moment coefficient; Zﬂﬂiﬂﬁgggﬂgﬂi
q
cy CBL rolling-moment coefficient; rollingbmoment
q
Stability-Axis System
cr, cL 1ift coefficient; Iift
qS
Cp CD : drag coefficient; drag
Qs ,
Cp CDB base-drag coefficient; LDase drag
b . as
Cp, COF | forebody dreg coefficient; Cp - tp,
Cy CcY side-force coefficient; Eigg_ggiﬁi
CIM pitching-moment coefficient; Ritching moment
- ' aslrer
Cn CIN yewing-moment coefficient; ZEEEESEEEEEEE
i q
) CSL rolling-moment coefficient; rolligg moment
Q
L/D L/D lift-to-drag ratio; Cr/Cp



SYMBOL

SADSAC
SYMBOL

ELVN-L
ELVN-R

ATLERN

LRUDDR

RRUDDR

RUDDER

CIMALF

CLALFA

CYBETA

DCLNDB

DCSLDB

ALFCLY

ADDITIONS TO SADSAC NOMENCLATURE

FOR
MSFC TWT TEST NO. 507

DEFINITION

left elévon, surface deflectién angle, positive
deflection, trailing edge down; degrees

right elevon, surface deflection angle, positive
deflection, trailing edge down; degrees

total a}leron deflection angle in degrees,
(deL - PeR)/2

elevator deflection angle in degrees, (aeL + oeR)/Q

left split rudder surface deflection angle, degrees;
positive deflection, trailing edge to the left

right split rudder surface deflection angle, degrees;
positive deflection, trailing edge to the left.

assymetrical split rudder deflection for directional
control, (arL + arR)/E; degrees

derivative of pitching moment coefficient with
respect to alpha, (alpha = O to 5°); per degree

derivative of 1ift coefficient with respect to
alpha, (alpha = O to 5°); per degree

derivative of sideaforce coefficient with respect
to beta (beta = 45 ); per degree

derivative of yawing moment coefficient with respect
to beta (beta = #5°); per degree, stability axis
system

derivative of rolling moment coefficient with
respect to beta (beta = #5°); per degree, stability
axis system

angle of attack at zero lift coefficient (cL = 0);
degrees



ADDITIONS TO SADSAC NOMENCLATURE

(Continued)
SADSAC

SYMBOL SYMBOL DEFINITION
CD CD¢ drag coefficient at zero 1ift coefficient

o _

(cL = 0)
: CIMAF itching moment coefficient at zero angle ‘of

CGu. _ p

o=0 attack (ALPHA = 0)

CONFIGURATIONS INVESTIGATED

This test was conducted on a .003366 scale model of the Grummsn H-33 Space
Shuttle Orbiter. The model was built by the Boeing Company for the Marshall
Space Flight Center with controls and deflections being put in by-Grumman. The

following components were utilized:

Bs Basic H-33 Orbiter Body
Wy Basic H-33 Orbiter Wing
V5 : Basic H-33 Orbiter Vertical Tail

There was no transition grit on the model. Component part combinations

which were inveStigated are shown in Table IT entitled Dataset Collation Sheets.



|
TEST FACILITY DESCRIPTION

The MSFC 14 x 14 Inch Trisonic Wind Tunnel is an intermittent blowdown
tunnel which operates by high pressure air flowing from storage to either

. . : ! o '
vuacuum or atmospheric condltions.f A Mach number runge from 0.2 to 5.89 is

1

covered by utilizing two interchungeable test sections. The trunsonic sec-
tion permits testing at Mach 2.75 to 5.85. Mach numbers between 0.2 und 0.9
ure obtuined by using a contfollqble diffuser. The range from 0.95 to 1.3
is uchieved through the use of pfenum:suction and perforated walls. Mach
numbers of 1.46, 1.96 uand 2.48 aﬁe produced by interchangeable sets of fixed
contour nozzlé blocks. Above Mach 2.48 a set of fixed contour nozzle blocks
ure tilted and trunslated automatically to produce any desired Mach number
in 0.25 increments.

Air is supplied to a 6000 cubic foot storage tank at approximately -4O°F
dew point and 500 psi. The compressor is a three-stage reciprocuting unit
driven by s 1500 hp motor.

The tunnel flow is established and controlled_with a servo uactuzted gute
valve. The controlled air flows through the valve diffuser into the stilling
chamber and heaf exchanger where the air temperature can be controlled from
umbient to approximately 180°F. The air then passes through the test section
which contains the nozzle blocks and test region.

Downstream of the test section is a hydraulically controlled pitch sec-
tor thet provides u total angle of attack range of 20° (#10°). Sting offsets
and extensions are availuble for obtaining various maximum angles of attack

up to 90°.



DATA REDUCTTON

The MSFC # 201 0.5 inch six component balance was used to measure the
orbiter forces and moments. The data were reduced along and about a system of
stability axes centered at F.S. 12Tk.4, W.L. 391.3 and B.L. O (full scale
coordinatés). Pertinent parasmeters (model scale) used in the data reduction
are given below:

= ) 2
Sref— T7.897 in.

1ref= 5.453 in.
bep= 3-817 in.

There were three base pressure taps on this model. Using them, a base axial
force coefficient was computed as follows:
c =-Tc @)+c W )+c (/)] /s
A [. p 3 p 3 p 3 ref
b 1 2 3

where Cp is the pressure coefficlent corresponding to Taps 1, 2, 3
1,2,3 ~ .

respectively. A is the model base area which 1s equal to .7521 aquare inches.



TABLE 1.

TEST CONDITIONS
TEST 507

REYNOLDS NUMBER DYNAMIC PRESSURE STAGNATION TEMPERATURE
MACH NUMBER per unit length (pounds/sq. inch) (degrees Fahrenheit)
0.60 5.0 x 106 4.340 98
0.90 6.3 x 106 7.389 96
1.20 6.7 x 106 9.143 97
1.46 7.5 x 106 10.769 95
1.96 7.4 x 106 10.982 112
2.74 4.7 x 106 6.380 138
2.99 5.3 x 106 6.066 103
3.48 7.0 x 106 6.856 104
4.00 8.2 x 109 6.635 104
4.96 5.4 x 100 3.068 103
BALANCE UTILIZED: MSFC No. 201
COEFFICIENT
CAPACITY: ACCURACY ; TOLERANCE :
NF 60 .15 # Varies with Dynamic
SF 20 # 05
AF 30 # .08 1
PM 60 in-7 .15 in-]
™ 20 in-7 .05 in-f
RM - 25 in-# .06 in-#
COMMENTS :




TABLE 1II.

TEST MSFC 507

.0033Lb ScALE ModeL ofF Tue GRummaAn

H-33 OermrTeER

(LY

DATA SET COLLATION SHEET

THE

0O PRETEST

MSF.C. 14" Trisowic Wwe Tuwner B POSTTEST
DATA SET SCHD. | PARAMETERS/VALUES|NO. MACH NUMBERS (OR ALTERNATE INDEPENDENT VARIABLE
IDENTIFIER| ~ CONFIGURATION a| 8 3| oal Sa mmzm 1.46] 196 2.99]3.48]4.00[4.96
R49 001 | BoW, V> Ajo] o | o |*30 < 4 |3 |24 ~I~u
R49002 | BsWa™ "V Alo [-10] 0 |230 4 s le |7 18
R49003 | Bow, V. Alo [-20] o [*30 a 2zl ]9 .
R49004 | BW, Vi Alo |-20f 10*30 4 e |15 |14 |13
R49005 | ByW, ° *° V5™ Alo [-40l 0 |30 4 17 i [ 19 |20
R3) 006 [ By W, Vo3 Alo]+ie] o2 4 24 |23 |22 |2}
249007 [ Bw, V@™ Alol ol o P4 4 25 | 26| 21|28
B.49008 | BoW, Vs Alocj ol ol o 4 32131 | 30129
R49009 | BsW,Vi™° wolc) o] o |23 4 33 |34 |35 ] 36
R49010 | BW,Ve* islcjojoltn 4 40 139 |38 |37
R4qo11 | BsWaV, Isfcgo] o] o vd 4l | 421 43| 44
R49012 | BsWg Isjcjojol- 4/ 48 1 47 |46 | 45
R49013 | BeW, iolcjyojo |- 4 49 |50 |51 |52
R43014 | B;W, ojejolo|- o 56*| 55°| 54%| 53°
B49015 | B WV, ojcje]o o ¢ 571" 58 59% «0°
R49016 | Bs WeVe ® olclo]|o |t 7] 64" | 63°%| 62" | 61 ¥
‘bﬂi
1 7 13 19 25 31 37 43 49 55 61 67 7576
L L. . jey. EBL _clN .. £D CAF. . €CAB . cPBl. . PBR . . .S_
COEFFICIENTS: — A 5" s 75" by 2° Lw._HumﬁwE_SE;G:zE
mnmmuwrmm X B = 20° —> 40° ba 2° * AXIAL FORCE GAGE INOPERATIVE

4C==-4,-3-2,-1,0 1,234,680

DVRING THESE RUNS

NASA-MSFC-MAF



TEST

3ABLE II.

MSFC 507

,003366 ScarLe MooeL oF THE GrRumman H-33 OR8ITER

THE M.S.FC 14" Trisonie Wind Tuwnnel

(Continued)
DATA SET COLLATION SHEET

10

N
0O PRETEST

B POSTTEST

DATA SET CONFIGURATION SCHD. | PARAMETERS/VALUES|NO. MACH NUMBERS (OR ALTERNATE INDEPENDENT VARIABLE)
IDENTIFIER of _ _
a8 Mm $o | Sn RUNSY /%6 1.9612.7¥)|2.99 | 3.48| #.00|49¢ ] 0. ¢ nsu“hm.u 1.2

Y9017 E._m.umu. <wuwo 8lo]o]lo|=30 4 65/ 6ed 67455 .

RY9018 |Wy¢ .mw Vs Blo|-/0) o |#30 7 AR ARAGZ

49019 53 %8s Vs *° 8lo §-20] 40|30 4 3 179 | 75 | 76

g49020 |wg%°B, Vs*3° alol-20] o|z30 # go| 791 78| 77

L4902 ( -39 Vs 30 Blof-y010 |22 [+ 5/ 82 | 23] 8y

249022 | wy® Bs V3272 Blo [ oo ¥4 4 g8 | 87| 8¢ | 85

RY9023 | Wy -x@% A AR ¥ 89 90| 9/ |22

R49024 | Wy° B tm gloj olo|o yal 7| 25| 9¢193

#Y9025 | w;° 85 _\me jlclololo v 97 1 981 79 | 100

#9026 | w,°Bs Vs ° 30lc ] 0] o]=x30 o w/ | r031102] 70/

R49027 Wy’ Bs s0lc] o] o] - 4 /05 108} 107 | 108

#49038 | wy’ Gs . olcjolo]- 3 |139s31%|/09

k49029 {wy° Bs Vs wojCjolojo /O] /35)/r0fri7]rial 13] 14 /521753 /5¢

RY9030 | /85 Vs #30 10| c 1-20] 0 |£30 7 V19| 139\ 119118172 106 | 105

X4903) |wy Bs lcjolo] - 3 1/38] /3¢ /20

g49032- |Wy"Bs Ve le] ol o le30 3 142l 133]/a;

49033 |wy 65 <mo olcl o] ol 2 V3| 13/ | 122

¥303 4 i.mmm <m - ojcl1ojo0]o 5 140 123 )5 A1s¢l 755

£49035 | Wy Bs %~ AloJolol39 | 3145(s30 124

249036 | W™ "°Bs Vs’ Alolo]-10 0 / 125

‘1 -7 13 19 25 31 37 43 49 55 61 67 75 7
—..».._.. v N oA 2 L. N | 1 1 L !
COEFFICIENTS: — s = IDPVAR(1 AR
aor g MA MMNDMHHMM» Mm{ M - AROLLING ZONMZw mrm_mwwmmmﬁ.w._éq
SCHEDULES — CSL, NOT PRESENTED FoR

LC=xy =3 225 2/70° 6" 8710°

DATASET R49028, M= 1.6

NASA-MSFC-MAF



TABLE II. Anonn»ucme.
TEST MSFC S07

e MSEC. 14" TRisomic WiNd  Tumnew

DATA SET COLLATION SHEET. -
00336k ScALE MobeEL oF THE GrRummwrn H-33 Oraiver N

~
(o)

OO PRETEST
B3 POSTTEST

DATA SET SCHD. m>§§e§m\<>9mm NO. MACH zcxmmmm (OR ALTERNATE INDEPENDENT VARIABLE)
. CONFIGURATION £ —
IDENTIFIER i S R ENES runs] 146 196 ] 294] 2.49] 3.48] 4.00 . \.N‘ _
R49037 |Wq'°BsVs 7> Alof-0]o ¢ 14 126|127 128| 129] . |
R49038 |wy° Bs Vs Alolololo 3 A
£43039 | Wi By Vs _> ol-wlo]lo] 13 AA
1 13 19 25 31 37 3 49 55 61 67 75 7
_||_ PN S N N 1 L —l I 1 N 1
SMQWHE@" A< 20" by 7° a={IDPVAR(1)| IDPVAR(2) KDV
a or an “NQ.I‘ *%5 U\ Ns
SCEMLES B - -9730-257)507/5273°4,6587 10°
v ’ — > NASA-MSFC-MAF



TABLE III.
DIMENSIONAL DATA

MODEL COMPONENT: BODY - Bc

GENERAL DESCRIPTION: _ BASIC H-33 ORBITER BODY

DRAWING NUMBER:

DIMENSIONS : FULL-SCALE
(ft. or ft.z)
Length 135
Max. Width 25
Max. Depth 27.5
Fineness Ratio 4,92
Area ' '
Max. Cross-Sectional 530
Planform ' 3120
Wetted | 10,35
Base L6]

.003366
MODEL SCALE

.865 -

5,090
16.878

I

I

«752

l



TABLE III. (Continued)

MODEL COMPONENT: WING - W

GENERAL DESCRIPTION: _BASIC H-33 ORBITER WING

DRAWING NUMBER: .

' . 003366
DIMENSIONS : FULL-SCALE MODEL SCALE
TOTAL DATA : _ (ft.Orft.e) ‘ (in.orin.a)

Area '

Planform 4840 T.897

Wetted 5940 9.691
Span (equivalent) ' 9L.5 3.817
Aspect Ratio 1.845 1,845
Rate of Taper ,
Taper Ratio 178 .178
Diehedral Angle, degrees - _ g9 5 v
Incidence Angle, degrees 20@body-39@tip  29@body-3°@ tip
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees o o

Leading Edge 55 55

Trailing Edge -

0.25 Element Line ﬁ2.32° : Eg.32°
Chords: :

Root (Wing Sta. 0.0) 86,96 512

Tip, éequivalent) gg,gﬁ .62

MAC _ 59.5 2,40

Fus. Sta. of .25 MAC |

W.P. of .25 MAC
Airfoil Section : / 4o

Root ' t /o= t/c=Q5%cambered sect,

Tip : ] . M:;Sk%mbgggg. TR T 1"

EXPOSED DATA | - T .

'S‘ggg, (equivalent) | ' ) _%L_—_Q(.)OE _g%i—_, g%

Aspect Ratio 1. 1,
E;peg Ratio _.228 228
ords :
Root 671.98 -'._2315£i____.
Tip | _%5&___ —025
MAC 7o _1.907
Fus. Sta. of .25 MAC —_— —_—

W.P. of .25 MAC

13_



TABLE III. (Continued)
MODEL COMPONENT: ELEVON (FOR W), WING)

GENERAL DESCRIPTION: INDIVIDUAL MOVABLE CONTROL SURFACE ASSOCIATED WITH THE W), WING

DRAWING NUMBER:

.003366

DIMENSIONS : FULL-SCALE MODEL SCALE
: (ft.orft.<) (in.or 1n.2)
Area o 669
Span (equivalent) 3h,75 1.Lok
Inb'd equivalent chord 13, 5ho
Outb'd equivalent chord 10.0 Lol
Ratio movable surface chord/ | |
total surface chord
At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge o° _°
Tailing Edge -5° -5°
Hingeline o° | 0°

Area Moment (Normal to hinge line)

1k



TABLE IIXI. gContinued)

MODEL COMPONENT: _§ VERTICAL TALL - Vs

_ BASIC H-33 ORBITER VERTICAL TAIL

GENERAL DESCRiPT1ON:

DRAWING NUMBER:

003366

DIMENSIQNS: FULL SCALE MODEL SCALE
R (ft or £, 2) (in.or in.<)
Area " - i : 8§§AA 1.395

Span (equivalent)
'Inb d equivalent chord
Outb'd equiva]ent chord -

Ratio Elevator chord/hor1zonta1
tail chord .

__36.66
140

1.363
1.481°
.565

At Inb'd equiv. chord .348
At Outb'd equiv chord 351 ' .351
Sweep Back Angles degrees
Leading Edge | -ui . 47°
Ta‘IHng Edge ' ' .2] 85° 21,85°
Hingeline | | | 32 | 32°
Area Moment (Normal to hinge line) ;~, R |
"ASPECT RATIO : 1.33 | 1,33
. TAPER RATIO __.38 .38
e | il 1.091
ATRFOLL SECT;on_ NACA 64ACLO  maga 6hAOlO.




MODEL COMPONENT : RUDDER (FOR v5 VERTICAL TAIL)

GENERAL DESCRIPTION: MOVABLE CONTROL SURFACE ASSOCTIATED WITH THE Ve VERTICAL TAT

DRAWING NUMBER:

DIMENSIONS: FULL-SCALE
(ft. or ftoz)
Area 292
Span {(equivalent) 3,75
Inb'd equivalent chord 12,76
Outb'd equivalent chord L g2

Ratio movable surface chord/
total surface chord

At Inb’d equiv. chord
At Qutb'd equiv. chord

Sweep Back Angles, degrees

Leading Edge 32

(o)
Tailing Edge 21.85
Hingeline 32

Area Moment (Normal to hinge line)

16

.003366
MODEL SCALE
(in. or 1n02)

—al7h
S Yo "
—nlh

32
21.85

320

NASA-MSFC-%AF



FIGURE

1

2

TABLE 1IV.
INDEX OF MODEL FIGURES
DESCRIPTION
Axis System
H-33 Orbiter Without External Tanks

Photograph of Tunnel Installation of Configuration

17



TABLE V. INDEX OF DATA FIGURES

PLOTTED

COEFFICIENTS CONDITIONS
TITLE SCHEDULE VARYING PAGES
Figure 1, Basic Longitudinal Characteristics - A MACH 1-10
ELEVTR=0, LRUDDR=0, RRUDDR=0 Degrees
Figure 2, Basic Longitudinal Characteristics - A MACH 11-20
ELEVIR=0, ILRUDDR=30, RRUDDR=-30 Degrees .
Figure 3, Elevon Effectiveness - A ELEVIR, MACH 21-35
LRUDDR=0, RRUDDR=0 Degrees
Figure 4, Elevon Effectiveness - A ELEVTR, MACH 36-55
LRUDDR=30, RRUDDR=-30 Degrees
Figure 5, Aileron Effectiveness - C AILFRN, MACH 56-67
FLEVIR=-20, LRUDDR=30, RRUDDR=-30 Degrees
Figure m“ >mewob Effectiveness - C ATLERN, MACH 68-79
ELEVIR=-10, LRUDDR=30, RUDDR=-30 Degrees
Figure T, Aileron Effectiveness - c AILERN 80-82
ELEVIR=0, LRUDDR=0, RRUDDR=0O °
Figure 8, Rudder Effectiveness, Flared C LRUDDR, RRUDIDR, 83-9k
Rudder, ELEVIR=0 MACH
Figure 9, Effect of Rudder Flare on B Rudder Flare, 95-106
Longitudinal Characteristics, ELEVTR=0 MACH
Figure 10, Longitudinal Characteristics E Rudder Flare 107-111
Summary - Effect of Rudder Flare, ELEVTR=0
Figure 11, Lateral-Directional Characteristics, D MACH 112-115

ATPHA=0O

18



TABLE V., INDEX OF DATA FIGURES

Buildup, ALPHA=30 Degrees

( CONTINUED )
PLOTTED
COEFFICIENTS CONDITIONS

TITLE SCHEDULE VARYING PAGES
Figure 12, Lateral-Directional Characteristics, D . oouwwmcwmdwonu 116-143
Component Buildup, ALFPHA=0O MACH

Figure 13, Lateral-Directional oumwmo.wmuwm.ﬂomv D MACH 1h4h-1h47
ALPHA=10 Degrees

Figure 14, Lateral-Directional Characteristics, D Configuration, 148-175
Component Buildup, ALPHA=10 Degrees : MACH

Figure 15, Lateral-Directional Characteristics, D Configuration, 176-191
Component Buildup, ALPHA=15 Degrees MACH

Figure 16, Lateral-Directional Characteristics, D Configuration, 192-207
Component Buildup, ALPHA=30 Degrees MACH

Figure 17, Lateral Derivatives, ooswonmwd F Configuration 208-210
Buildup; ALPHA=0

Figure 18, bmﬁmumw Umaw<mdw<mm~ Component F Configuration 211-213
- Buildup, ALPHA=10 Degrees

Figure 19, Lateral Derivetives, Component F Configuration 214-216
Buildup, ALPHA=15 Degrees :

Figure 20, Lateral Derivatives, Component F Configuration 217-219

PLOTTED COEFFICIENTS SCHEDULE:

(A) CL, CIM, CAB vs. ALPHA
CL vs. CIM, CD

(B) CL, CIM vs. ALPHA
CL vs. CD

(c) cY, CLN, CSL vs. ALPHA

(D) cy, CLN, CSL, CAB vs. BETA
(E) CLALFA, ALFCL$, CIMALF, CIMAFP, CDP vs. MACH

(F) CYBETA, DCLNDB, DCSLDB vs. MACH

19



Notes:

l. Positive directions of force coefficients
moment coefficients, and angles are
indicated by arrows. .

2., For clarity, origins of wind and stability
axes nave been displaced from the center
of gravity.

20

Axis systems, showing direction and sense of force and

Figure 1.
moment coefficients, angle of attack, and sideslip angle
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DATA "FIGURES

Tabulations of the plotted data and corresponding
source data are avallable from SADSAC Operutions.
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DATA SET SYMBOL CONFIGURATION DESCRIPTION ) ’ : BETA ELEVTR AlLEﬁN . REFERENCE INFORMATION
(A49801) MSFC 507 GAC H~33 ORB. BSwavS(+30,-30) : 0,000 0.000 0,000 SREF 7.8870 SQ.IN
{A495802) MSFC 307 GAC H-33.0RB, BSwW4(~10)Vv3(+30,-30) 0,000 -~10,000 Q0.000 LREF 35,4530 IN
(AGS803) HSFC 307 GAC H-33 ORB. BSw4(~20)Vv3(+30,-30) 0,000 -20,.000 0,000 BREF 3,8170 IN
(A49803) MSFC 507 GAC H-33 ORS., BSW4 (-40)V5(+30,-30) 0,000 -~40,000 0,000 XMRP 1274,4040 IN.
{A39008). MSFC 307 GAC H-33 ORB., BS5wa(+10)VS(+30,~30) 0,000 10,000 0,000 YMRP 80,0000 IN.
- ! . . . . . - ZMRP - 391.3004 . IN.
SCALE © 0,0034
MACH 3.48 PAGE 41
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DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA ELEVTR ATLERN REFERENCE INFORMATION
(A49501) () MSFC 507 GAC H-33 ORB. BSWeyS(+30,-30) 0.000 0,000 0.000 SREF 7.8970  SQ.IN
{A49802) MSFC 507 GAC H-~33 ORB. B3W4 (~10)vS5(+30,~30) 0,000 -10,000 0,000 LREF 3$.4530 IN
(A49803) MSFC 3507 GAC H-33 ORB. B3W4 (~20) V5 (+30,~30) 0.000 -20,000 0,000 BREF 3.8170 IN
(A49303) MSFC 507 CAC H-33 ORG. BSW4(-40)y3(+30. ~30) 0.000 -40.000 0,000 XMRP  1274.4040  IN.
{ A49008) MSFC 507 GAC H-33 ORD, BSW4(+10) v5(+30,-30) 0,000 10,000 0,000 YMRP 0,.Q000 IN,
: ZMRP 391,.3004 IN,
SCALE 0.0034
MACH 4,00 PAGE 42
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(A€9S01) - MSFC 307 GAC H-33 ORB. B5WAVS(+30,-30) 0.000 '0.000 0,000 SREF 7.8970  SQ.IN -
(A49502) MSFC 307 GAC H-33 ORB. B5W4(~10)v5(+30,~30) 0.000 -17.000  0.000 LREF 5.4530 1IN
(A49303) MSFC 307 GAC H-33 ORB. BSwW4(~20)v5(+30,~30) 0.000 -20.000 0,000 BREF . 3.8170 1IN
(A69803) MSFC 507 GAC H-33 ORB. BSwW4 (-40) V5(+30,-30) 0.000 -40.000 0.000 XMRP - 1274.4040 IN.
(449006 ) MSFC 307 GAC H-33 ORB, B3wW4(+10)v3(+30,-30). - 6.000 10,000  0.000 - YMRP 0.0000 IN.
ZMRP 391.3004 - IN.
SCALE 0.0034 |
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
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PITCHING MOMENT COEFFICIENT, CLM
DATA SET SYMBOL  CONFIGURATION DESCRIPTION BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49501) g MSFC 507 GAC H-33 ORB. BSW4VS(+30,-30) 0.000 0,000 0,000 SREF 7.8970  SQ.IN
(A49802) MSFC 507 GAC H-33 ORB. BSw4(-10)v5(+30,-30) 0.000 -10.000 0,000 LREF 5.4530 IN
(A49503) MSFC 307 GAC H-33 ORB. BSW4(-20)v3(+30,-30) 0,000 -20.600 0.000 BREF 3.8170 IN
(A49805) MSFC 507 GAC H-33 ORB. BS5SW4(~40)V5(+30,~30) 0,000 -40,000 0.000 XMRP 1274.,4040 N,
(A49008) MSFC 507 GAC H-33 ORB, BSwW4(+10)V5(+30,~30) 0,000 10.000 0,000 YMRP 0,0000 1IN,
2ZMRP 391,3004 IN,
SCALE 0,0034
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MSFC 3507 GAC H-33 ORB, BSw4v5(+30,-30) . . 0,000 . 0,000 0.000 : SREF 7.8970 SQ.IN
HSFC 507 GAC H-33 ORB. BSw4(-10)Vv3(+30,-30) 0.000 -10,000 0.000 LREF 5.4530 IN
MSFC 307 GAC H-33 ORB, BS5Ww4(-20)v5(+30,-30) - 0.000 -20,000 0.000° - BREF 3.8170 IN
MSFC 507 GAC H-33 ORB., B5w4(-40)v5(+30,-30) 0,000 -40,000 0.000 XMRP 1274.4040° 1IN.
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDGR=-30 DEGREES
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DATA SET 3YMBOL CONFIGURATION DESCRIPTION BEYA ELEYTR ATLERN REFERENCE INFORMATION
(A49801) HSFC 5037 GAC H-33 ORB, B9%W3Y9 (¢ 30,~30) 0,000 0,000 0.000 SREF 7.8970 SQ,IN
(A40302) HM8FC $07 6AC KW~I3 ORD. B0%3 (~20) V3 (¢33, ~30) 0.000 -¢0,000 0.000 LREF 8.4530 IN
(A49803) MSFC 307 6AC H-33 ORI, B934 (~20) Y3 (+30,~30) 0,000 -20,000 0,000 BREF 3.8170 N
(A395903) MOFC 507 €AC K-33 O, 8344 (~4T) ¥I (230, -30) 0,000 -40,000 0,000 XMRP 1274.4040 IN.
(A490006) HOFC 507 GAC K-3% ORB. BSWa(248) VS (©30,-30) 0,080 10,000 0,000 YMRP 0,0000 IN.
ZHMRP 391,3004 IN.
SCALE 0.0034
MACH 4,00 PAGE 46
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
1.0 1T ) !

LIFT COEFFICIENT,

T
0.9
‘0.8 -
o.7 t
- :
0.6 .
f +
[
Ul 111
d 0.3 ? %
£ A
i
0.4 ot : D
| { A 4
0.3
0.2 ! l&
$ : q
N : -
0.1
>
BYLL:
0.0 £ B
*} i)
ﬂ A"
-0.1
. L=~
T02gr .08 .08 .04 .03’ .02 .01 - .00 -.01 -.02 -,03 -.04 ~.08 -  -,08 .-.07
: _ PITCHING MOMENT COEFFICIENT, CLM :
DATA SET SYMBOL  CONFIGURATION DESCRIPTION - ' _ BETA  ELEVTR ~AILERN . REFERENCE INFORMATION
(A49301) g " MSFC 307 GAC H-33 ORB, BSWAVS(+30,-30) 6.000 0.000 0,000 SREF 7.8970  SQ.IN
(449302) MSFC 507 GAC H-33 ORS. B5wW4 (-10)v5(+30,-30) 0.000 -10.000 0.G00 LREF 5.4830° IN
€449S03) MSFC 507 GAC H-33 ORB., BSwW4(-20)Vv5(+30,-30) 0.000 -20,000 _ 6.000 BREF 3.8170 © IN
(449803) MSFC 507 GAC H-33 ORB. B3w4(~40)Vv53(+30,-30) 0.000 -40,000  '0,000° - - . XMRP  1274.4040 IN.
(439008 ) MSFC 507 GAC H-33 ORB. BSWA(+10)V5(+30,-30) © 0,000 10.000 0.000 -~ YMRP 0.0000 1IN,
- : , AR R ZMRP 391.3004 IN.
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‘l-;IGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
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DRAG COEFFICIENT, CD
DATA SET SYMBOL  CONFIGURATION DESCRIPTION BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49801) Q MSFC 507 GAC H~33 ORB. BSwW4vS(+30,-30) 0,000 0.000 0.000 SREF 7.8970 SQ.IN
(A49802) MSFC 507 GAC H-33 ORB. B5w4(~10)v3(+30,-30) 0,000 -10,000 0.000 LREF 35,4530 IN
(A49303) MSFC 507 GAC H-33 ORB. B5W4(~20)V5(+30,~30) 0,000 -20,000 0,000 BREF : 3.8170 IN
(A4930S3) MSFC 507 GAC H-33 ORB. BS54 (~40)V3(+30,~-30) 0,000 -40,000 0.000 XMRP 1274.4040 1IN,
(A49008) HMSFC 307 GAC H-33 ORB, BS5W4(+10)VS(+30,-30) 0,000 10,000 0.000 YMRP 0.0000 IN,
ZMRP 391.3004 IN.
SCALE 0,0034
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
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DATA SET SYMBOL  CONFIGURATION DESCRIPTION ) i BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49S01) g MSFC 507 GAC H-33 ORB. BSWAVS(+30,-30) - 0.0000 0.000 0.000 SREF .7.8970 SQ.IN
(A49802) MSFC. 507 GAC H-33 ORB. BSW4(~10)VS5(+30,-30) . 0.000 -10.000 ©.000 LREF 5.4530 1IN
(449803) MSFC 507 .GAC H~33 ORB. BSW4(-20)VS3(+30,-30) 0.000 -20.000 .-0.000° BREF - 3.8170 1IN
(A49303) MSFC 507 GAC H~33 ORB. BSW4(~40)V5(+30,-30) - 0,000 -40.008 0,000 XMRP 1274.4040 1IN,
(A490008) MSFC 507.GAC H-33 ORB. B5W4(+10) VS5 (+30,-30) 0.000 10.000 0.000 YMRP . 0,0000 IN.
. . ] : 2MRP . 391.3004 IN.
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ORAG COEFFICIENT, CD
DATA SET SYMBOL COXFIGURATION DESCRIPTION BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49801) 8 HMSFC 507 GAC H-33 ORB. B3W4VS5(+30,-~30) 0.000 0.000 0,000 SREF 7.8970 SQ.IN
(A89802) MSFC 307 GAC H-33 ORB. B34 (-10) VS (+30,-30) 0,000 ~10,000 0,000 LREF $.4530 iN
(A49803) MSFC 507 GAC M-33 ORB. B5W4 (-20)vS(+30,-30) 0.000 -20.000 0,000 BREF 3.8170 IN
(A498093) MSFC 507 GAC H-33 ORB. BSWA (-40) v3(+30,-30) 0,000 -40,000 0.000 XMRP 1274.4040 IN.
(A49006) MSFC 507 CAC K-33 ORB. B5W4(+10)v3(+30,-30) 0.000 10.000 0,000 YMRP 0,0000 IN.
ZMRP 391,3004 IN,
SCALE 0.0034
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DATA SET SYMBOL ~ CONFIGURATION DESCRIPTION _ BETA  ELEVIR AILERN REFERENCE INFORMATION
(A69801) MSFC 507 GAC H-33 ORB. BSW4VS(+30,-30) - 0.000 6.000 0,000 SREF 7.8970  sa.IN
(A49502) MSFC 507 GAC H-33 ORB. BSW4(-10)v5(+30,-30) 0.000 -10.000  ©0.000 LREF $.4530 1IN
(449503) . .MSFC 507 GAC H-33 ORB. BSW4(-20)V5(+30,-30). 0,000 -20.000 0.000 _ BREF 3.8170 1IN
(448505) MSFC 307 GAC H-33 ORB. B3W4(-40)V5(+30,-30) 0.000 -40.000 0.000 XMRP - 1274.4040  IN.
(aeo008) IS  WSFC 507 GAC H-33 ORB. BSWA (+10) V5 (+30,-30) 0.000 10,000 0.000 YMRP® 0.0000 IN.
' - _ZMRP 391.3004  IN.
SCALE 0.0034 .
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DATA SET SYMBOL  CONFIGURATION DESCRIFPTION BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49501) MSFC 507 GAC H-33 ORB. BSWevS(+30,~30) 0.000 0,000 0,000 SREF 7.8970°  SQ.IN
(A45802) MSFC 507 GAC H-33 ORB. BSW4(~10) v5(+30,-30) 0,000 -10,000 G,000 LREF 3.4530 IN
(A49803) MSFC 507 GAC H~33 ORB, 85w4 (-20) v5 (+30,-30) 0,000 -20,000 0.000 8REF- 3.8170 IN
(A49305) MSFC 507 GAC H-33 ORS, 8514 (-40) v5 (+37,~30) 0.000 -~40,000 0,000 XMRP 1274.4040 1IN,
(A49008) MSFC 507 GAC H-33 ORB. B5WS (+10) v5(+30,-~30) 0,000 10.000 0,000 YMRP 0.0000 IN,
ZMRP 391.3004 IN,
SCALE 0.0034
MACH 2.99 PAGE 52
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
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ANGLE OF ATTACK, ALPHA. DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIPTION BETA ELEVTR  AILERN REFERENCE INFORMATION
(A49501) MSFC 507 GAC H-33 ORB. BSWAVS(+30,-30) 0,000 0,000 0,000 SREF .7.8970 SQ.IN
(A49802) MSFC 507 GAC H-33 ORB, BS5W4(~10)V5(+30,~30) 0,000 -10.000 0.000 LREF 5.4530 N
(A49303) MSFC 507 GAC H-33 ORB. B5W4(-20)v3(+30,~30) 0,000 -20.000 0.000 BREF 3.8170 IN
(A49803) MSFC 507 GAC H-33 ORB. BSW4 (~40) V5 (+30,-30) 0,000 -40,000 0.000 XMRP 1274.4040 IN.
(A49008) MSFC 8507 GAC H-33 ORB. B3W4(+10)Vv5(+30,-30) 0,000 10.000 0.000 YMRP 0.0000 IN.
ZMRP 391,3004 1IN,
SCALE 0,0034
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FIGURE 4, ELEVON EFFECTIVENESS- LRUDDR=30, RRUDDR=-30 DEGREES
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DATA SET SYMBOL  CONFIGURATION DESCRIPTION BETA ELEVTR AILERN ". REFERENCE INFORMATION
(A49501) Eg MSFC 507 GAC H-33 ORB. B3w4v5(+30,-30) .'0,000 0,000 0.000 - : SREF 7.8970 - SQ.IN
(A49802) MSFC 507 GAC H-33 ORB. BSw4(~10)vS(+30,~30) 0,000 -10,000 0,600 . LREF 5.4530 IN
- CA49803) MSFC 307 GAC H-33 ORB,-B3W4 (~20)V5(+30,~30) - 0,000 -20.000 0,060 . . BREF ©3,8170  IN
(449895) MSFC 507 .GAC H-33 ORB. BSw4 (-40)Vv5(+30,-30) 0,000 -40,.000 0,000 XMRP 1274.4040 1IN,
(449006} - MSFC 507 GAC H-33 ORB. B3w4(+10)Vv5(+30,~30) : 0.000 10,000 0,000 YMRP 0,0000 IN,
: ZMRP 391,3004 N,
) SCALE 0,0034° :
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‘D::gozgl)' SYHBOL "sggﬂ:;wRAT!ONSDEsCR!FTION BETA ELEVTR ATLERN REFERENCE INFORMATION
7 GAC H-33 ORB. BSW4 (~20)V3(+30,-30) 0,000 -20.000 0,000 SREF 7.8970 SQ.IN
(A495020) MSFC 3507 GAC H-33 ORB. BSH‘(-EO)VS(*SD:‘SO) 0,000 -20,000 0,000 LREF 5.4530 1IN
(A490064) 8 MSFC 507 GAC H-33 ORB. BSW4(-10,-30)vS(+30,-30) 0,000 -~-20,000 10,000 BREF 3.8170 IN
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YMRP 0,0000 IN.
IMRP 391,3004 IN,
SCALE 0,0034
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FIGURE 6, AILERON EFFECTIVENESS- ELEVTR=-10, LRUDDR=30, RRUDDR=-30 DEGREES
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FIGURE 6, AILERON EFFECTIVENESS- ELEVTR=-10, LRUDDR=30, RRUDDR=-30 DEGREES
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FIGURE 8, RUDDER EFFECTIVENESS, FLARED RUDDER. ELEVTR=0
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FIGURE 8, RUDDER EFFECTIVENESS, FLARED RUDDER, ELEVTR=0
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FIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPGNENT BUILDUP, ALPHA=0
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FIGURE 12, LATERAL-DIRECTIGNAL CHARACTERISTICS. COMPONENT BUILDUP. ALPHA=(
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" FIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP. ALPHA=0
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FIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPGNENT BUILDUP, ALPHA=0
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FIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP, ALPHA=0
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E IGUIRE 12, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=0
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IiIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP, ALPHA=0
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EIGURE 12, LATERAL-DIRECTIUNAL CHARACTERISTICS, COMPGNENT BUILDUP, ALPHA=0
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FIGURE 12, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA=0
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eIZIGUR’E 13, LATERAL-DIRECTIONAL CHARACTERISTICS, ALPHA=10 DEGREES
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FIGURE 13, LATERAL-DIRECTIGNAL CHARACTERISTICS,
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ilGURE 13. LATERAL—DIRECTIONAL CHARACTERISTICS, ALPHA=IO,DEGREES
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i IGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPGMENT BUILDUP, ALPHA=10 DEG.
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=10 DEG.
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPGNENT BUILDUP. ALPHA=10 DEG.
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP. ALPHA=10 DEG.
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPGNENT BUILDUP. ALPHA=10 DEG.
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(A49Y29) MSFC 507 GAC H~33 ORB. B5WIVS 0.000 0,000 0,000 0.000 LREF 5,4530 IN -
(A49032) KSFC 307 GAC W~35 ORB. D5WAVS(+30,-30) 0,000 0.000 30,000 -30.000 BREF 3.8170 1IN
(A49X30) MSFC 307 GAC K-33 ORB. B5WA4(-20)Vv3(+30,-30) -20,000 0,000 30,000 -30.000 XMRP 1274,4040  IN.
YMRP 0.0000 1IN,
ZMRP 391.3004 1IN,
SCALE 0.0034
MACH 1.96 PAGE 152
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FIGURE 14, L

.Q33

ATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP. ALPHAZ10 DEG.
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CONFIGURATION DESCRIPTION ’ ELEVTR

MSFC 507 GAC H-33 ORB. B3wa . . ' 0,000
MSFC 507 GAC H-33 ORB. BSW4VS 0.000
MSFC 507 GAC H-33 ORB. BSW4V3(+30,~30) . 0,000
HSFC 507 GAC H-33 ORB. BSW4(-20)V5(+30,-30) -20,000

2.74

196

AILERN
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0,000
0,000

"LRUDDR  RRUDDR REFERENCE INFORMATION
SREF 7.8970 SQ.IN
0,000 0.0800 LREF 5.4330 IN
30,000 -30,000 BREF 3.8170 IN
30,000 -30,000 XMRP .1274.4040 IN.
’ YMRP . 0.0000 IN.
ZMRP 391.3004 IN,
SCALE 0.0034
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. CGMPGNENT BUILDUP. ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET 8SYMBOL CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49031) 9 MSFC 307 GAC K-35 ORB, BSWI 0.000 0,000 SREF 7.8970  SQ.IN
(A49Y29) MSFC 507 GAC K-35 O7B. BIWAVS 0.000 0,000 0,000 0.000 LREF © 5,4530 IN
(A49032) 8 MSFC 307 GAC W-33 O3B. BS5W4V3(+30,~30) 0.000 0,000 30,000 -30.000 BREF 3.8170 IN
(A49X30) HMSFC $507 GAC H-33 CRB. B3W4(-20)V5(+30,-30) -20,000 0.000 30,000 -30,000 XMRP 1274.4040  IN.
YMRP 0,0000 IN.
ZMRP 391,3004 IN.
SCALE 0.0034
MACH 1.46 PAGE 154
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FIGUR

E 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP. ALPHA=10 DEG.
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‘ R SIDE SLIP ANGLE. BETA, DEGREES '
DATA SET SYMBOL ~ COMFIGURATION DESCRIPTION _ ELEVTR  AILERN LRUDDR  RRUDDR REFERENCE INFORMATION
(A49031) MSFC 507 GAC H-33 ORB. BS5w4 0,000 0,000 - SREF. - 7.8970  sSQ.IN
(449v29) MSFC 507 GAC H-33 ORB. B3W4VS 0.000 0,000 0,000 0,000 LREF 5.4530  IN
(449032) MSFC 507 GAC H-33 ORB. B3W4V53(+30,-30) ‘0,000 0,000 30,000 -30.000 BREF 3.8170 N
(A49X30) MSFC 507 GAC H-33 ORB. BSW4(-20)V5(+30,-30) -20.000 0,000 30,000 -30,0600 XMRP  1274.4040. 1N:
‘ : : : . YMRP _ 0.0000 IN.
ZMRP 391,300  IN.
SCALE 0.0034
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FIGURE 14, LATERAL-DIRECTIGNAL CHARACTERI

STICS, COMPGNENT BUILDUP. ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A45031) g MSFC 507 GAC N-33 ORB. BIW4 0.000  0.000 SREF 7.8970  Sa.IN
(A49Y29) MSFC 507 GAC H-33 ORB, BSWAVS 0.000 0,000 0.000 0,000 LREF 5.4530 IN
(A49032) 8 MSFC 507 GAC H-33 ORB. B5WAYS(+30,-30) 0.000 0,000 30.000 -30.000 BREF 3.8170  IN
(A49%30) MSFC 507 GAC H-33 ORB. B5W4(-20)y5 (+30,-30) -20,000 0.000 30,000 -30.000 XMRP  1274.4040 IN.
YMRF G.0000 IN,
ZNRP 391.3004  IN.
SCALE 0.0034
MACH 2.74 PAGE 156



BASE AXIAL FORCE COEFFICIENT.

_iIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPGNENT BUILDUP, ALPHA=10 DEG.
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‘ . . SIDE SLIP ANGLE. BETA, DEGREES h
DATA SET SYMBOL  CONFIGURATION DESCRIPTION - ELEVTR AILERN LRUDDR  RRUDDR REFERENCE INFORMATION
(A49031) MSFC 507 GAC H-33 ORB. BSW4 : . £.000 0,000 L SREF 7.8970  SQ.IN
(A43Y29) " MSFC 507 GAC H-33 ORB. B5W4VS 0.000 0.000 0,000 0,000  LREF - 5.4530 ° IN
(A49032) MSFC 507 GAC H-33 ORB. BSwW4V3(+30,~-30) 0.000 ©.000 30,000 ~-30.000 BREF 3.8170  IN
(A49X30) MSFC 807 GAC H-33 ORB. B3wW4(-20)Vv3(+30,-30) -20,000 0,000 30.000 -30.000 XMRF  1274.4040  IN.
. , B YMRP 0.0000  IN.
ZMRP 391.3004 IN.
SCALE 0.0034 -
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‘EIGURE 14, LATERAL-DIRECTIGNAL CHARACTERISTICS, COMPGNENT BUILDUP. ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49031) g MSFC 507 GAC H~33 ORB. BSW4 0,000 0,000 SREF 7.8970  SQ.IN
(A49Y29) HMSFC 507 GAC W-33 ORB. BSWAVS 0,000 0,000 0.000 0.000 LREF : 5.4530 IN
(A49032) MSFC 507 GAC H-33 ORB. BSW4Y3(+30,-30) 0,000 0,000 30,000 -30.000 BREF 3.8170 IN
(A49X30) MSFC 3507 GAC H-33 ORSB. B5wW4 (~20)v5(+30,-30) -20.000 0.000 30,000 -30,000 XMRP 1274.,4040 IN,
YMRP 0,0000 IN.
ZMRP 391,3004 IN.
SCALE 0.0034
MACH 1.96 PAGE 158



- FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. CUMPONENT"BUILDUP. ALPHA=10 DEG.
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DATA SET SYMBOL = CONFIGURATION DESCRIPTION ’ . ELEVIR. AILERN LRUDDR RRUDDR {REFERENCE INFORMATION
(A49031) . MSFC 507 GAC H~33 ORB. BS5w4 = 0.000. © 0.000 SREF 7.8970  SQ.IN
(A49Y29) MSFC 507 GAC H-33 ORB. BSWav5 0.000 0,000 0,000 0,000 LREF 5,4530 IN
(A49032) HMSFC 507 GAC H-33 ORB., BSW4v5(+30,-30) - 0.000 0,000 30,000 -30,000 BREF 3.8170° IN
(A49%X30) MSFC 307. GAC H-33 ORB, B5W4(-20)Vv53(+30,-30) -20,000 . 0,000 30,000 -30,000 XMRP 1274,4040 IN.
: . . YMRP 0.0000 IN.
ZMRP 391.3004 1IN,
SCALE 0.0034
MACH 2.74 PAGE 133



i IGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVTR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) KMIFC 307 G6AC H~-33 O3B, B3WS 0,000 0,000 SREF 7.8970 SQ.IN
(A49229) MSFC 507 GAC H~33 ORB. BSWAVS 0,000 0.000 0.000 0.000 LREF 5.4530 IN
(A49009) MSFC $07 GAC H~33 ORB. B8IwWav5(+30,-30) 0,000 0.000 30,000 -30.000 BREF 3.8170 IN
(A49Y30) MSFC S07 6AC H-33 ORB, B3W4 (~20) V3 (+350,-30) ~20,000 0.000 30,000 -30,000 XMRP 1274.4040 . IN,
YMRP G.0000 IN,
2ZMRP 391,3004 IN,
SCALE 0.0034
MACH 2.99 PAGE 160
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LATERAL FORCE COEFFICIENT.

- FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA=10 DEG.

.18
.10
>
(&) A -
.08 1]
C o
- ]
—
.00
=
|
h T ) )
. = <] .
. N e
-.'ns M ny R ﬁ ~
gy | . m
N ST
. ™~ n
TR I~
-.10 I Su
B
NI
AR SG
~-.13
-.20
-.23
~.30 -
- 5 -4 ~ 3 -2 -1 ] 1 - 2 3 4 s - [} k4 8 9 10 11
. ‘ _ _ SIBE SLIP ANGLE, BETA., DEGREES . _ '
'DATA SET SYMBOL  CONFIGURATION DESCRIPTION . ' ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) © MSFC 3507 GAC H-33 ORB. BS5w4 0,000 . 0,000 : . SREF 7.8970 SQ.IN
(A49229) K MSFC 507 GAC H-33 ORB. B35wevSs . 0.000 0.000 0.000 0.000 LREF 5.4530 IN-
{A49009) MSFC 507 GAC H-33 ORB, B3wav3(+30,-30) 0,000 0,000 30,000 -30,000 BREF 3,8170 IN
(A49Y30) " MSFC 307 GAC H-33 ORB. BS5w4(~20)Vv53(+30,~30) ~20,000 0,000 30,000 -30,000 XMRP 1274.4040 IN.
' L : : - YMRP 0,0000 IN.
ZMRP 391,3004 . IN.
SCALE 0.0034
MACH - 3.48 ' : Co o C PAGE 161
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!EIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPGNENT BUILDUP, ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL CONFIGURATIOCN DESCRIPTION . ELEVTR  ATLERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) 9 MSFC 307 GAC H~33 ORB. BSW4 0,000 0,000 SREF 7.8970 SQ.IN
(A49229) MSFC 507 GAC H-33 ORB. BSW4VS 0,000 0,000 0.000 0,000 LREF 5.4530 IN
{A49009) 8 MSFC 507 G6AC H-33 ORB, B83W4vs (+30,~30) 0,000 0.000 30,000 -30.000 BREF 3.8170 IN
(A49Y30) MSFC 507 GAC KH~33 ORB, BSW4 (-20)v5(+30,-30) ~20,000 0.000 30,000 -30.000 XMRP 1274.4040 IN.
' YMRP 0.0000 IN,
ZMRP 391,3004 IN.
SCALE 0,0034
MACH 4.00 PAGE 162
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- FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENTVBUILDUP. ALPHA=%O DEG.

DATA SET SYMBOL  CONFIGURATION DESCRIPTION

(A49013) E§ MSFC 507 GAC H-33 ORB.
(A49229) MSFC 507 GAC H~33 ORB.
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(A49Y30) - MSFC 307 GAC H-33 ORB.
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.SIDE SLIP ANGLE. BETA, DEGREES

'ELEVTR  AILERN LRUDDR  RRUDDR REFERENCE INFORMATION
0.000° 0,000 . SREF 7.8970 SQ.IN
0.000 . 0,000 0.000 '0.000 LREF 5.4530 IN
0.000 0,000 30.000 -30,000 BREF 3.8170- IN

-20,000 0.000 30.000 -30.000 XMRP 1274.4040 IN,

YMRP 0.0006  IN.

ZMRP 351.3004 - IN.

- SCALE 0.0034
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FIGURE 14, LATERAL-GIRECTIONAL CHARACTERISTICS.

COMPGNENT BUILDUP, ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA, DEGREES
DATA SETV SYWBOL  CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) Q MSFC 507 GAC H-33 ORB. BS5W4 0.000 0,000 SREF 7.8970  SQ@.IN
(A49229) MSFC 507 GAC H-33 ORB. B3W4V5 0.000 0,000 0,000 0,000 LREF 5.4530  IN
. (A49009) 8 #SFC 507 GAC H-33 ORB. B3WAVS(+30,-30) 0.000 0,000 30,000 -30.000 BREF 3.8170 1IN
(A49Y30) MSFC 507 GAC H-33 ORB. B5W4(-20)v3(+30,-30) -20,000 ©0.000 30,000 -30.000 XMRP  1274.4040 IN.
~ YMRP 0.0000  IN.
ZMRP 391.3004  IN.
SCALE 0.0034
MACH 2.99 PAGE 164



CLN (STABILITY AXIS)

FIGURE 14, LATERAL—DIRECTIONAL.CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=10 DEG.
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o . SIDE SLIP ANGLE. BETA, DEGREES _ N _
DATA SET SYMBOL CONFIGURATION DESCRIPTION . ELEVTR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) MSFC S07 GAC.H~33 ORB. BS5wW4 0.000 0,000 : SREF 7.8970 SQ.IN
(A49229). MSFC 507 GAC H~33 ORB, BSW4v3 . ) 0.000 0,000 ©0.000 0,000 LREF 5.4530 1IN
(A49009) MSFC 507 GAC H~33 ORB. B5W4v3(+30,~-30) . 0,000 0,000 30,000 -30,000 BREF . 3.8170 N
(A49Y30) MSFC 307 GAC H-33 ORB., BSW4(-20)V5(+30,-30) - -20,000 0,000 30,000 -30,000 XMRP 1274,4040 1IN,
. YMRP 0.0000 IN.
‘ ZMRP . 391.3004  IN.
SCALE 0.0034
MACH - 3.48 PAGE 165



FIGURE 14, LATERAL-DIPECTIONAL CHARACTERISTICS, COMPOMENT BUILDUP, ALPHA=10 DEG.
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. SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) 9 MSFC 507 GAC H-33 ORB. BSWS 0.000 0.000 SREF 7.8970  8Q.IN
(A£9229) MSFC 507 GAC H-33 ORB. BSWIVS 0,000 0.000 0.000 0,000 LREF 5.4530 IN
(A49009) 8 HSFC 307 GAC K-33 ORB. B5WAVS(+30,-30) 0,000 0.000 30,000 -30,000 BREF 3.8170 1IN
(A49Y30) MSFC 507 GAC H~33 ORB., BSWE (-20) VS5 (+30,-30) ~20,000 0.000 30,000 -30.000 XMRP 1274,4040  IN,
YMRP 0.0068 1IN,
ZMRP 391.3004 1IN,
SCALE 0,0034
MACH 4,00 ‘ PAGE 166
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 FIGURE 14, LATERA

L-DIRECTIONAL CHARACTERISTICS, CONPONENT BUILDUP. ALPHA=10 DE,
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CONFIGURATION DESCRIPTION
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FIGURE 14, LATERAL-DIRECTIGNAL CHARACTERISTICS, COMPGNENT BUILOUP. ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
OATA SET sY#BOL CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) MSFC 807 G6AC H-33 ORB, BSW4 0,000 0,000 SREF 7.8970 SQ,IN
{A49229) MSFC 507 G6AC K-33 ORB. BSW4VS 0,000 0.000 0.000 0,000 LREF 3.4530 IN
{A45009) 8 HSFC 507 GAC K-~33 ORB. B3W4vS (+30,-30) 0.000 0,000 30,000 ~30,000 BREF 3.8170 IN
(A49Y30) MSFC 307 GAC W-33 ORB. B354 (~20) V5 (+30,~30) -20,000 0,000 30,000 -30,000 XMRP 1274,4040 IN.
- YMRP 0.0000 IN,
~ ZMRP 391.3004 IN.
SCALE 0.0034
MACH 2.99 PAGE 168
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FIGURE 14, LA
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CONFIGURATION DESCRIPTION
MSFC 307 GAC H-33 ORB. BSw4 .
MSFC 3507 GAC H-33 ORB., BSwW4VS
MSFC 507 GAC H-33 ORB. BSW4V3(+30,-30)
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ELEVTR  AILERN LRUDDR  RRUDDR REFEREN'CE INFORMATION

0,000 0,000 - . SREF 7.8870 SQ.IN
0.000. 0.000 ' 0,000 0,000 LREF . 35,4530 IN
0.000 0.000 30.0G0 -30,000 BREF 3.8170 . IN
'~20,000 0.000 30,000 -30.000 XMRP. . 1274.4040 IN.
YMRP 0.0000 IN.
ZMRP 391.3004 IN,

SCALE 0.0034 -
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPOMENT BUILDUP, ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVIR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49013) 8 HSFC 507 GAC H-33 ORB. BSW4 0.000 0,000 SREF 7.8970 SQ.IN
(A89229) MSFC 507 GAC H-33 ORB. BSWAVS 0.000 0,000 0.000 0,000 LREF 5,4530 IN
{A49009) 8 MSFC SD7 GAC H-33 ORB, B5W4VS(+30,-3D) 0,000 0,000 30,000 -30,000 BREF 3.8170 IN
(A49Y30) MSFC SD7 GAC H-33 ORB, B5W4(-20)v5(+30,-30) -20.000 0,000 30,000 -30,000 XMRP 1274.4040 IN.
YMRP 0.0000 . IN,
ZMRP 391,300 1IN,
SCALE 0.0034
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FIGURE 14, LATERAL-DIRECTIONAL CHARA

CTERISTICS, COMPONENT BUILOUP, ALPHA=10 DEG.
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CONFIGURATION DESCRIPTION
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0,000 0.000 SREF 7.8970 © SQ.IN
0.000 0,000 0,000 0,000 LREF - 5.4530 IN
0,000 0.0006 30,000 -30,000 B8REF 3.8170 IN
-20,000 0,000 30.000 -30,000 XMRP 1274.4040 IN,
YMRP 0.0000 IN,
ZMRP 391.3004 IN,

SCALE- - 0.0034
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FIGURE 14, LATERAL-DIRECTIGNAL CHARACTERISTICS, COMPGNENT BUILDUP. ALPHA=10 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES
DATA SET SYKBOL CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
{A29013) g MSFC 807 GAC HW-33 ORB. B3WA 0.000 0,000 SREF 7.8970 SQ.IN
{A49229) HMSFC 07 6AC H-33 ORD, BSYIYS 0,000 Q.000 0.000 0,000 LREF 5.4530 IN
(A420D9) 8 MSFC 507 GAC M-33 ORB., BSWAV3(+30,-30) 0,000 0.000 30,000 -30,000 BREF 3.8170 IN
(A49Y30) HMSFC 507 GAC HW-33 ORB. BS5wW4(~20)Vv3(+30,-30) -20,000 0,000 30,000 -30,000 XMRP 1274.4040 IN.
YMRP 0,0000 1IN,
ZMRP 391,3004 IN.
SCALE 0,0034
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| iIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP. ALPHA=10 DEG.

CAB

BASE AXIAL FORCE COEFFICIENT,

.09
.08
07
- .08
.05
.04
.03
.02
.01 -
T 5 fras e gt X T
a - =
.00 5 - :
=8 4 -3 -2 -1 ] 1 3 : 3 4 -] [] T - 8 9 .10 i1
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DATA SET 8YMBOL .CONFIGURATION DESCRIPTION - ELEVTR AILERN LRUDBR RRUDDR REFERENCE INFORMATION
(A49013) g HMSFC 507 GAC H-33 ORB, BSw4 0,000 0,000 ’ SREF . 7.8970 SQ.IN
(A49229) MSFC 507 GAC H-33 ORB. B3w4v3 0,000 0,000 0,000 0,000 LREF 5.4530 IN :
{A49009) MSFC 507 GAC H-33 ORB. BSw4av53(+30,-20) : 0,000 0.000 30,000 -30,000 BREF 3.8170 IN
(A49Y30) MSFC 507 GAC H-33 ORB. B5w4(-20)Vv5(+30,-30) ~-20,000 0.000 30,000 -30,.000 XMRP- 1274,4040 IN.
. ) . : . YMRP 0.0008 - IN.
ZMRP 391,3004  IN.
SCALE" 0,0034
MACH 3.48 PAGE 173
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EIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP. ALPHA=10 DEG.
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DATA SET SYM3OL CONFIGURATION DESCRIPTION ELEVTR ATLERN  LRUDDR RRUDDR REFERENCE INFORMATION
{A45013) g HMSFC $07 GAC H~33 ORB, BSWS 0,000 0.000 SREF 7.8970 SQ.IN
(A89229) MSFC 807 GAC H-33 ORB. BSWwavs 0,000 0,000 0,000 0.000 LREF 5.4530 IN
(A49009) 8 HSFC 307 GAC H-33 ORB. BSW4vS5(+30,-30) 0.000 0.000 30,000 -30,000 BREF 3.8170 IN
(A49Y30) M8FC 507 GAC H-33 ORS. B3wW4 (-20) v3(+30,~30) ~-20,000 0.000 30,000 ~30,000 XMRP 1274,4040 IN,
YMRP 0,0000 IN.
ZMRP 391,3004 IN,
SCALE 0,0034
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FIGURE 14, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP, ALPHA=10 DEG.
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' SIDE SLIP ANGLE. BETA. DEGREES

DATA SET SYMBOL. CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION

(A45013) MSFC 307 GAC H-33 ORB. B5W4 , 0,000 0,000 S SREF 7.8970  $Q.IN
(A49229) MSFC 507 GAC H~33 ORB., B5WA4VS . 0,000 0,000 0,000 0,000 LREF 5.4530 N -
(A&9009) HSFC 507 GAC H-33 ORB., BSW4VS(+30,-30) 0.008 0,000 30,000 -30.000 BREF 3.8170 IN
(A449Y30) MSFC 507 GAC H-33 ORB. BSw4(-20)V5(+30,-30) -20,000 0,000 30,000 -30,000 XMRP  1274.4040  IN.
, . . : : . YMRP - 0.0000 ° 1IN,
ZMRP 391,3004 IN,

SCALE 0.0034
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FIGURE 15, LATERAL-DIRECTIGNAL CHARACTERISTICS. COMPGMENT BUILDUP, ALPHA=1S DEG.
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SIDE SLIP ANGLE. BETA., DEGREES
DAFA SET SYMBOL CONFIGURATION DEZSCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49012) g HSFC 507 GAC H-33 ORB. BSws 0.000 0,000 SREF 7.8970 SQ.IN
(A49011) HSPFC 507 6AC H~33 ORB. BSWAVS 0.000 0,000 Q0,000 0,000 LREF 5.4530 IN
{A49010) O N3FC 307 GAC H-33 ORS. B3w4vS(+30,-30) 0,000 0,000 30,000 -30,000 BREF 3.8170 IN
XMRP 1274.4040 IN.
YMRP Q,0000 IN.
ZMRP 391.3004 IN.
SCALE 0.0034
MACH 2.9% PAGE 176



FIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP. ALPHA=15 DEG.
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DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVTR  AILERN LRUDDR' RRUDDR REFERENCE INFORMATION
{A45012) MSFC 8307 GAC H-33 ORB. BS5w4 0.000 0,000 - R : . SREF 7.8970 SQ.IN
(A49011) MSFC 307 GAC H-33 ORB., BSW4VS . 0.000 0.000 0,000 0,000 LREF 5.4530 IN
(Ag9010y O MSFC 507 GAC H-33 ORB, BSW4aV53(+30,-30) 0,000 0,000 30,000 -30,000 BREF 3.8170 IN
. ' L . . XMRP - 1274.4040 IN.
YMRP . 0.0000 IN.
ZMRP 391,3004 IN,
} SCALE 0.0034
MACH 3.48 . _ ' : ‘ PAGE 177



'zFOIGURE 19, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA=1S DEG.
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?::;ofg'z SY®BOL " ;g’m;;GURA?ION DESCRIPTION ELEVTIR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
8 7 GAC H~33 CRB. BSW4 0,000 0.000 SREF 7.8970 SQ.IN
(Ac9011) g MSFC 507 GAC KH-33 0RB, BSWAYS 0.000 0,000 0,000 0,000 LREF 5.4530 IN
(A49010) O MSFC 507 GAC H-33 ORB, BSWAYS(+30,-30) G,000 0.000 30,000 -30.000 BREF 3.8170 IN
XMRP 1274.4040 IN.
YMRP 0.0000 IN,
ZMRP 391.,3004 IN,
SCALE 0.0034
MACH 4.00 PAGE 178
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FIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHAIS DEG.
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SIDE SLIP ANGLE. BETA. DEGREES ‘
DATA SET SYMBOL CONFIGURATION DESCRIPTION ’ . . ELEVIR AILERN LRUDDR - RRUDDR REFERENCE INFORMATION
{A49012) MSFC 507 GAC H-33 ORB. B5w4 0.600 - C,3CC SREF 7.8970 SQ.IN
(A49011) MSFC 307 GAC H-33 ORB. BS5W4VS 0.000 0,000 0,000 - 0,000 LREF 5.4530 IN
{A49010) O MSFC 507 GAC H-33 ORB, B5w4v5(+30,~30) 0,000 0,000 30,000 -30,000 BREF 3.8170 IN
: ’ : XMRP 1274.4040 IN.
YMRP 0.0000 IN.
2MRP 391,3004 IN,
SCALE 0.0034 -
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QF;IGURE 13 LATERAL—DIRECTIUNAL CHARACTERISTICS. COMPOMENT BUILDUP, ALPHA=15 DEG.
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SIDE SLIP ANGLE, BETA. DEGREES
DATA SET SYMBOL  CONFIGURATION DZSCRIFTION ELEVTR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49012) g MSFC 307 GAC H-33 ORB, BSWA 0,000 0,000 SREF 7.8970  SQ.IN
(A&9011) M3FC 507 6AC M-33 ORB. B5WAVS 0.000 0,000 0,000 0,200 LREF 5.4530 IN
(A49010) O HSFC 507 GAC M-33 GRB. BSWAY3(+30,-30) 0,000 0,000 30,000 -30,000 BREF 3.,8170 IN
XMRP 1274.4040 1IN,
YMRP 0.0000 IN,
ZMRP 391,.3004 IN,
SCALE 0.0034
MACH 2.99 . PAGE 180
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FIGURE 15, LATERAL-DIRECT

.038

.080

.020
.018
.010

.00s

CLN (STABILITY AXIS)

.000-

-.008
‘.910
~-.018
-.020

-.028

YAWING MOMENT COEFFICIENT,

-.030

-.038

-.0s0

DATA SET SYMBOL

(A49012)
(A49011)
(A45010)

MACH

IONAL CHARACTERISTICS, COMPONENT BUILOUP, ALPHA?IS DEG.,

.028

COMFIGURATION DESCRIPTION
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SIDE SLIP ANGLE. BETA, DEGREES .

ELEVTR AILERN LRUDDR RRUDDR ‘REFERENCE INFORMATION

0.000 0,000 SREF 7.8970  SA.IN
0.000 0,000 0,000 0,000 LREF 5.4530 IN
0.000 0,000 30,000 -30,000 BREF 3.8170  IN
o XMRP  1274.4040  IN.
" YMRP - 0.0000° IN.
INRP 391.3004 IN.

_SCALE 0.0034
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FIGURE 15, LATERAL-DIRECTIOGNAL CHARACTERTSTICS. COMPGNENT BUILDUP, ALPHA=15 DEG.
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OATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49012) g MSFC 507 GAC W-33 O3B, B3W4 0.000 0,000 SREF 7.897G  Sa.IN
(A49011) MSFC 507 GAC H-33 ORB. B3WAYS 0.000 0,000 ©,000 0,000 LREF 5.4530 IN
(A49010) O  MSPFC 507 GAC H-33 ORB. DBSWAYS (+30,-30) 0.000 §.080 30.000 -30.000 BREF 3.8170 1IN
XMRP  1274.4040  IN.
YHRP D.0600  IN.
ZMRP 391.3004  IN.
SCALE 0.0034
MACH 4,00 PAGE 182
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FIGURE 15, LATERAL- DIRECTIUNAL CHARACTERIST.ICS. CUMPONENT BUILOUP, ALPHA= 15 DE(:
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CONFIGURATION DESCRIPTION
MSFC 507 GAC H-33 CRB, BSWE
MSFC 307 GAC W~-33 ORB. BIWAVS
MSFC S07 6AC H-33 ORB, BSWAVS5(+30,-30)

2.88

ELEVYR AILERN LRUDDR RRUDDR REFERENCE INFORMATION

0.000 0.000 SREF 7.8970 SQ.IN
0.000 0.000 0.000 0.000 LREF $.4530 IN
0.000 0.000 30,000 -30,000 BREF 3.8170 IN
XMRP 1274,.4040 IN,
YMRP 0.0000 IN,
ZMRP 391.3004 IN.
SCALE 0.0034
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FIGUR

E 15, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA=15 DEG.
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FIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILOUP. ALPHA=15 OEG.
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FIGURE 15, LATE

RAL-DIRECTIONAL CHARACTERISTICS, VCYO'MPUNENT BUILOUP, ALPHA=15 DEG.
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.EIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPGNENT BUILDUP. ALPHA=15 DEG.
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.EIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP. ALPHA=15 DEG.
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(A49012) g MSFC 307 GAC H-33 ORB. BSWE 0,000 0.000 SREF 7.8970  8Q.IN
(A45011) HSFC 307 GAC H-33 ORB, B5WAYS5 0.000 0,000 0.000 0,000 LREF 5.4530 IN
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MACH 4.00 . PAGE 190

<13



FIGURE 15, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP. ALPHA:IS DEG.
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eli IGURE 16, LATERAL-DIRECTIOGNAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA=30 DEG.
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FIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=30 DEG.
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gl—;IGURE 16, LATERAL-DIRECTIGNAL CHARACTERISTICS. COMPOMENT BUILDUP., ALPHA=30 DEG.
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FIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILOUP, ALPHA=30 DEG.
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FIGURE 16, LATERAL-DIRECTIGNAL CHARACTERISTICS. COMPGNENT BUILDUP. ALPHA=30 DEG.
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FIGURE 16, LATERAL-DI

RECTIONAL CHARACTERISTICS, COMPONENT BUILDUP, ALPHA=30 DEG,
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 FIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILDUP. ALPHA-3
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FIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP. ALPHA=30 DEG.
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FIGURE 16, LATERAL-DIRECTIGNAL CHARACTERISTICS, CGMPGNENT BUILDUP. ALPHA=30 DEG.
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FIGURE 16, LATERAL‘DIRECTIONAL CHARACTERISTICS. COMPONENT BUILDUP, ALPHA= 30 DEG.
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.EIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS, COMPGNENT BUILDUP. ALPHA=30 DEG.
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(A49027) MSFC $07 GAC K-33 ORB, BSW4 4,000 0,000 SREF 7.8970 SQ.IN
(A49026) HSFC 507 GAC H-33 ORB. B5W4vS5(+30,~30) 0.000 0,000 30,000 -30,000 LREF 5.4530 IN
(A49825) O MSFC 307 GAC H-33 ORB. B3WIVS 0,000 0.000 0,000 0,000 BREF 3.8170 IN
XMRP 1274.4040 IN.
YMRP 0,0000 IN.
ZMRP 391.3004 IN.
SCALE 0.0034
MACH 2.99 PAGE 204
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~ FIGURE 16, LATERAL-DIRECTIONAL CHARACTERISTICS, CUMPUNENT BUILDUP; ALPHA=30 DEG.
‘0. : TTT ] '

" BASE AXIAL FORCE COEFFICIENT.
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S SIDE SLIP ANGLE. BETA. DEGREE
DATA SET SYMBOL  CONFIGURATION DESCRIPTION . " ELEVIR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49027) g MSFC 507 GAC H-33 ORB. B5w4 : .0.000 0,000 : SREF. 7.8970  SQ.IN
(A49026) MSFC 307 CAC H-33 ORB. B3W4VS(+30,-30) 0.000 9,000 30,000 -30.000 LREF 5.4530 1IN
(A49325) O  MSFC 507 GAC H-33 ORB. B3W4V3 0.000 0,000 0,000 0,000 BREF 3.8170 N
. . . XMRP 1274.4040 IN.
YMRP 0.0000 IN.
ZMRP - 391.3004 IN.
SCALE 0.003¢ -
MACH 3.48



.iIGURE 16 LATERAL-DIRECTIGNAL CHARACTERISTICS, COMPGNENT BUILDUP, ALPHA=30 DEG.
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SIDE SLIP ANGLE. BETA. DEGREES

DATA SET SYMBOL CONFIGURATION DESCRIPTION

(A49027) Q MSFC 807 GAC H~33 ORB. BSWS
(A€9026) MSFC 507 GAC H-33 ORB. BIWaV3(+30,-30)
(A493828) O  MSFC 507 GAC H-33 ORB. BSwW4vVS

MACH 4.00

ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION

0,000 0,000 SREF 7.8970 SQ.IN
0.000 0.000 30,000 -30,000 LREF 8.4530 IN
0.000 0.000 0,000 0.000 BREF 3.8170 IN
XMRP 1274.4040 IN,
YMRP 0.0000 IN.
ZMRP 391,.3004 IN.
SCALE 0.0034
PAGE 206
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l-;IGURE.pr LATERAL-DIRECTIONAL CHARACTERISTICS, COMPONENT BUILOUP. ALPHA=30 DEG.

BASE AXIAL FORCE COEFFICIENT.
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, o _ _ . . SIDE SLIP ANGLE. BETA. DEGREES _ ,
‘DATA SET SYMBOL  CONFIGURATION DESCRIPTION - ELEVTR  AILERN LRUDDR . RRUDDR - REFERENCE INFORMATION
(A89027) MSFC' 507 GAC H-33 ORB. B5Wé 0.000 0,000 - SREF - ' 7,8970 $Q.IN
(A49026) MSFC 507 GAC H-33 ORB. BS5WavS(+30, 30) 0,000 0,000 30,000 -30.000 LREF 5.4530 IN
(A49525) O  MSFC 587 GAC H~33 ONB. B3W4VS 0,000 0,000 0,000 0,000 BREF . 3.8170 1IN
XMRP  1274.404D  IN.
YMRP 0.0000 IN.
ZMRP 391.3004  IN.
SCALE 10,0034
MACH 4,96 PAGE

230
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FIGURE 17, L

DCY/OBETA (CYBETA) PER DEGREE
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MACH NUMBER
DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49M14) g MSFC 507 GAC M-33 ORB. 8514 0.000 0,000 SREF 7.8970  SQ.IN
(A4oM1S) MSFC 507 GAC W~33 ORB. B3waYS 0.000 ©0.000 0.000 0,000 LREF 5.4530 1IN
(a49416) O MSFC 307 GAC M-33 ORB. BSWAVS(+30,-30) 0.000 0.000 30.00G -30.000 BREF 3.8170 IN
XMRP  1274.4040 IN.
YMRP 0.0000 IN.
ZMRP 391.3004 IN.
SCALE 0.0034
PAGE 208
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- FIGURE 17, LATERAL DERIVATIVES, COMPONENT BUILOUP, ALPHA=0

'DCLN/DBETA (DCLNDB) PER DEGREE

DIRECTIONAL STABILITY DERIVATIVE,

.0040
.o03s -
.0030. - ' - -
.0023
.0020 : 4
.01 + - . Ya
Pe
.0010
.000s
© ..0000 e = =L
~.0008
~.o010
-.,0015
~-.0020 - : 1)
Lh
N L’y
~.o028
-.0030
~.0035
T90%% 6 6.8 1.0 1.5 2.0 | 2.8 3.0 3.5 4.0 4.5 5.0
S ‘ . o ‘MACH NUMBER S
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR AILERN- LRUDDR RRUDDR  REFERENCE INFORMATION
. (A49M14) Eg MSFC 507 GAC H-33 ORB. BSW4 : 0,000 = 0,000 : SREF 7.8970  SQ.IN
(A49M15) "MSFC 307 GAC H-33 ORB. BSW4VS 0.000 0,000 0,000 0.000 LREF ° 5.4530 IN
(adoM18) O  MSFC 507 GAC H-33 ORB. BSWAVS(+30,-30) 0.000 0.000 30.000 -30.000 BREF 3.8170 1IN
. . : . . XMRP 1274 .4040 IN,
: YMRF  ©  0.0000 IN.
= ZMRP ° 391.3004  IN.
,. SCALE . ©0.0034
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FIGURE 17, LATERAL DERIVATIVES, COMPGNENT BUILDUP, ALPHA=0
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MACH NUMBER
DATA SET SYMBOL  CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR  REFERENCE INFORMATION
(A49N14) MSFC 507 GAC H-33 ORB. BSW4 0.000 0,000 SREF 7.8970  SA.IN
(A49M15) MSFC 507 CAC H-33 ORB. B5WAVS 0.000 0.000 0,000 0,000 LREF 5.4530 1IN
(ae9M18) O  WSFC 507 GAC H-33 ORE, BSWAYS(+30,-30) 0.000 0.000 30,000 -30.000 BREF 3.8170 1IN
XMRF  1274.4040  IN.
YMRP 0.0000 1IN,
ZMRP 351.3004 IN,
SCALE 0.0034
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FIGURE 1

8, LATERAL. DERIVATIVES, COMPONENT BUILDUP, ALPHA=10.DEGREES
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'DATA SET SYMBOL  CONFIGURATION DESCRIPTION  .ELEVIR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49M13) g " MSFC 507 GAC H-33 ORB, BSw4 0.000 ©.000 . : " SREF 7.8970  SQ.IN
© (A49029) MSFC 807 GAC M-33 ORB. BSWAVS - '0,000 0,000 0,000 . 6,000 LREF 5.4530  IN '
(A48M09) O MSFC 507 GAC H-33 ORB, BSW4VS(+30,-30) 0.000 0.000 30,000 -30,000 BREF - . 3,8170 IN
, ' o : XMRP  1274.4040  IN.
YMRP 0,0000 IN.
ZMRP 391.3004 1IN,
-SCALE 0.0034
"PAGE 2117
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FIGURE 18, LATERAL DERIVATIVES, COMPONENT BUILDUP. ALPHA=10 DEGREES
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. MACH NUMBER
onuusgr SYMBOL :ous:eumno:«a DESCRIPTION ELEVTR AILERN LRUDDR  RRUDDR REFERENCE INFORMATION
(A49M13) MSFC 507 GAC H-33 ORB. BSW4 0.000 ©0.000 SREF 7.8970  SQ.IN
(A49029) R MSFC 507 GAC H-35 ORB. BSWAVS 0,000 0.000 0,000 0,000 LREF 5.4530 IN
(A49mM09) O MSFC 507 GAC H-33 ORB. BSWAVS(+30,-30) 0.000 0,060 30.000 -30.000 BREF 3,8170 1IN
XMRP  1274.4040 1IN,
YMRP 0.0000 IN.
ZMRP 351.3006 1IN,
SCALE 0.0034
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FIGURE 18, LATERAL DERIVATIVES, 'COMPONENT BUILDUP. ALPHA=10.DEGREES
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o . . MACH NUMBER . . . . )
" DATA SET SYMBOL. CONFIGURATION DESCRIPTION ‘ CELEVTR  ATLERN LRUDDR RRUDDR  REFERENCE INFORMATION
(A49M13) g MSFC 507 GAC H-33 ORB. BSw4 0,000 0,000 - i . SREF 7.8970 SQ.IN
(A49029) MSFC 507 GAC H-33 ORB. BSW4VS3 0,000 0,000 0.000 0,000 LREF . 5,4530 IN -
(As9MO9) O  MSFC 507 GAC H-33 ORB. BSW4VS(+30,-30) 0,000 0,000 30,000 -30.000 BREF 3,8170 IN
o © XMRP 1274.4040 IN,
YMRP 0.0000 IN.
_ZMRP 391.3004 IN,
SCALE  ~ 0,0034 .
PAGE . 213



FIGURE 19, LATERAL DERIVATIVES, COMPONENT

BUILOUP, ALPHA=15 DEGREES

DCY/DBETA (CYBETA) PER DEGREE
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MACH NUMBER
DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVTR AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49010) g MSFC 507 GAC H-33 ORB. BSwa4v3(+30,-30) 0,000 0,000 30,000 -30.000 SREF 7.8970 8Q.IN
(A49011) MSFC 507 GAC H-33 ORB. B3W4vVS a,000 g,000 0,000 0,000 LREF 5.4530 IN
(A495012) L] MSFC 307 GAC H-33 ORB. B3W4 0.000 0,000 BREF 3.8170 IN
XMRP 1274.4040 IN.
YMRP 0.0000 IN.
ZMRP 391,3004 IN,
SCALE 0.0034
PAGE 214

237




_FIGURE 19, LATERAL DERIVATIVES, CMPONENT BUILDUP, ALPHA=15 DEGREES
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DATA SET SYMBOL CONFIGURATION DESCRIPTION : ELEVTR AILERN LRUDDR  RRUDDR REFERENCE INFORMATION
(A49010) g MSFC 507 GAC H-33 ORB, BSWAVS(430,-30) - 0.000 0,000 30.000 -30,000 - SREF 7.8970  SQ.IN
(A69011) MSFC 507 GAC .H-33 ORB. B5SW4VS o 0.000 9,080 0.000 0.000 LREF ‘5.4530. 1IN
(A49012) O MSFC 307 GAC H-33 ORB. BSWé 0.000 .0.000 BREF 3.e170 IN
g . . T : XMRP  1274.4040° IN.
: YMRP 00000  IN.
ZMRP 91,3004  IN.
SCALE 0.0034
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EFFECTIVE DIHEDRAL., DCSL/DBETA (DCSLDB) PER DEGREE

DATA SET SYMBOL
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FIGURE 13, LATERAL DERIVATIVES. COMPGNENT BUILDUP, ALPHA=1S DEGREES
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CONFIGURATION DESCRIRTICN
HSFC 307 GAC H-I3 ORB. B5wWOYS5(+30,-30) 0,000 0,008 30,000 -30,000 SREF 7.8970 SQ.IN
MSFC 507 GAC H-33 GRB. B5WIVS
MSFC 307 6AC H-33 QRB., BSYS

MACH NUMBER
ELEVTR AILERN LRUDDR RRUDDR  REFERENCE INFORMATION

0,600 2,000 0,000 0.0U0 LREF 5.4530  IN
0.000 0,000 BREF 3.8170 IN
XMRP  1274.4040 IN,
YHRP 0.0000 1IN,
ZHRP 391,3008 IN,

SCALE 0.0034
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~ FIGURE 20, LATERAL DERIVATIVES, COMPONENT BUILDUP, ALPHA=30 DEGREES

DCY/DBETA (CYBETA) PER DEGREE
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- . MACH NUMBER |
‘DATA SEf SYHMBOL - CONFIGURATION DESCRIPTION : : © ELEVTR AILERN LRUDBR RRUDDR . REFERENCE INFORNATION
(A49025) . Eg MSFC 507 GAC H-33 ORB, BSW4VS . . 0.000 0.000 0.000 0,000 SREF 7.8970 SQ.IN
(A49028) MSFC 507 GAC H~33 ORB. B8w4av5 (+30,-30) 0.008 ©.000 30,000 -30.000 LREF 5.4530 IN
(A49027) <> MSFC 507 GAC H-33 ORB. B5Ws o 0.000 0.000 .. . BREF . 3.8170 IN
. . . ’ XMRP 1274,4040 IN,
- YMRP ‘80,0000 IN.
ZMRP -391.3004 IN,
SCALE 0.0034
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FIGURE 20, LATERAL DERIVATIVES. COMPONENT BUILDUP, ALPHA=30 DEGREES

DCLN/DBETA (DCLNDB) PER DEGREE
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MACH NUMBER
DATA SET SYMBOL  CONFIGURATION DESCRIFTION ELEVIR  AILERN LRUDDR RRUDDR REFERENCE INFORMATION
(A49023) E} MSFC 507 GAC H-33 ORB., BSW4VS 0.000 9.000 0.000 0,000 SREF 7.8970  SQ.IN
(A49026) MSFC 507 GAC H~33 ORB. BSW4VS(+30,-30) 0.000 0,000 30,000 -30.000 LREF 35,4530 IN
(A49027) O  MSFC 507 GAC H-33 ORB. BSWs 0.000 0.000 BREF 3.8170 IN
XMRP 1274,4040 1IN,
YMRP 0.0000 IN.
2ZMRP 391.3004 IN,
SCALE 0.0034
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FIGURE 20, LATERAL DERIVATIVES, COMPONENT BUILDUP, ALPHA:30 DEGREES}

DCSL/DBETA (DCSLDB) PER [EGREE

DATA SET SYMBOL CONFIGURATION DESCRIPTION

( A49025) Eg MSFC 507 GAC H~33 ORB, B3w4vs

(A49026) MSFC 507 GAC H-33 ORB. B5SWAVS(+30,-30)
(A49027) - O M3FC 307 GAC H-33 ORB, BSw4

MACH NUMBER | |
ELEVTR - AILERN LRUDDR RRUDDR REFERENCE INFORMATION

0.000 ©0.000 0.000 0,000 SREF 7.8970  SQ.IN
0,000 ©0.000 30,000 -30.000 LREF 5.4530 IN
0.000:;. 6.000 BREF 3.8170  IN
== XMRP  1274.4048  IN.
YMRP 0.0000 IN.
ZMRP - 391.3004 IN.

SCALE 0.,0834
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